This study assesses the levels of heavy metals and hydrocarbons in Tympanotomus fuscatus and the sediments of Qua Iboe River, Akwa Ibom State; the interest in the study area was due to the several industrial and oil exploration activities in the area. The heavy metals (HM) of interest were Pb, Cd, Cu, Se, Zn, As, Cr, Fe, Ni and Hg, determined using Atomic Absorption Spectroscopy while Total Hydrocarbon Content (THC) and Total Petroleum Hydrocarbon (TPH) were determined by the GC-FID method. Results obtained indicated that the heavy metal concentration in Tympanotomus fuscatus ranged as follows: Pb (1.037 -2.002 mg/kg), Cd (0.00 -0.088 mg/kg), Cu (0.0037 -10.01 mg/kg), Se (2.364 -5.063 mg/kg), Zn (0.025 -1.393 mg/kg), As (0.0113 -0.355 mg/kg), Cr (1.075 Ikpe et al.; CSIJ, 27(4): 1-17, 2019; Article no.CSIJ.50234 2 -3.055 mg/kg), Fe (2.384 -10.022), Ni (0.045 -1.223 mg/kg), Hg (0.037 -1.003 mg/kg) while heavy metal concentration in sediments were: Pb (1.399 -2.345 mg/kg), Cd (0.0267-0.222 mg/kg), Cu (0.017 -10.0197 mg/kg), Se (1.388 -3.369 mg/kg), Zn (5.688 -8.038 mg/kg), As (0.003 -0.0317 mg/kg), Cr (0.0157 -2.057 mg/kg), , Ni (0.017 -5.0413 mg/kg), Hg (0.06 -1.53 mg/kg); generally, heavy metals levels were higher in dry season than in wet season. The levels of TPH ranged from 160.86 -1081.52 mg/kg in Tympanotomus fuscatus and 175.97 -3143.91 mg/kg in sediments; meanwhile, the concentration of TPH ranged from 728.47 -2442.04 mg/kg in Tympanotomus fuscatus and 492.41 -7186.25 mg/kg in sediments. Multiple correlation coefficient matrixes were carried out to ascertain the relationship between the pollutants concentration in the biota and sediments. Furthermore, predictive modeling of pollutant concentration in flesh and shell of Tympanotomus fuscatus was estimated. The results indicate that the amounts of HM, TPH and THC in some of the study sites were above the maximum permissible limit set by WHO and FMEnv; thus, pose health risk to humans.
INTRODUCTION
The well-being and means of survival of human beings are dependent on their environment; hence there is need for environmental management best practices. The occurrence of crude oil in the Niger-Delta with its concomitant petroleum industrialization has resulted in the generation of enormous waste products, most of which are not efficiently disposed [1] . Some of the serious environmental problems that have arisen in the marine environment as a result of the activities of the upstream and downstream petroleum industries include, depletion of marine organisms, destruction of algae and some planktons as well as the interference with spawning areas on the seabed. Most of the pollutants generated by these petroleum activities are deposited on river sediments when discharged into the aquatic environment. Qua Iboe river, which is the research study area, is in the Niger Delta region of Nigeria where various oil and gas exploration and other petroleum related activities are rampant. Most of the effluents generated by these activities end up in the aquatic environment and are taken up by marine organisms. Periwinkle (tympanotomus fuscatus), which is a major staple food in the region, resides in the sediments of the river and are sedentary or bottom feeders. They act as pollution biomonitors since they are good accumulators of heavy metals and hydrocarbon [2, 3] . These pollutants are not biodegradable, accumulating over time in the sediments and marine organism; thereby pose severe consequences on the population that consume the polluted organism. Some of the human health hazards associated with these pollutants include damages to the lungs, liver, central nervous system, skin irritation while some of the pollutants have been classified as mutagenic, teratogenic and carcinogenic. Therefore, there is need for periodic environmental monitoring of aquatic bodies to ensure the well-being of flora and fauna that rely on the aquatic resources.
MATERIALS AND METHODS

Study Area
The Qua Iboe River is in Ibeno Local Government area of Akwa Ibom state. It is a major important hydrographic feature of the Niger Delta. The river is characterized by fine psammitic beaches, fringed with tidal mudflats and mangrove swamps. The river is located within latitude 4°30 ' -4°45'N and longitude 7°30 ' -8°45 ' E on the South-East Coastline of Nigeria.
The lower reach of the river is located close to petrochemical effluent treatment and discharge plant of a major multinational oil exploration company. The sample site location is described in the Table 1 .
Sample Collection and Treatment (Sampling)
Tympanotomus fuscatus (Perewinkle)
The mature fresh samples of periwinkle, which are highly consumed in this region of the country, were collected in triplicate using Quadrat sampling method according to Clapcott et al. [4] . A series of square (quadrants) were placed in the habitat of interest and the species of interest identified and collected. The samples were 
Sediments
The sediment samples were collected from the five study sites using a clean Van Veen grab sampler. The samples were placed in one-liter amber glass bottles and polythene bags previously acid washed as stated above. It was placed in a ice chest and taken to the laboratory; thereafter, kept in a refrigerator and protected from light until analysis to avoid photodegradation of the samples.
Determination of TPH and THC in Tympanotomus fuscatus
Total Petroleum Hydrocarbon (TPH) and Total Hydrocarbon Content (THC) were determined using gas chromatography fitted with flame ionization Detector (GC-FID) as described by MERLL [5] . Prior to analysis, Tympanotamus fuscatus samples were prepared according to the procedure outlined by Schwab et al. [6] ; each of the fresh samples were cut into pieces using a stainless steel knife and then crushed with the help of a porcelain mortar and pestle. 10g of each of the crushed samples were weighed into a 100 ml beaker and 60 ml of TPH extraction mixture was then added. The beaker with its content was placed on a magnetic stirrer (with heater) and shaken for about 15 mins at 70°C and the extract was decanted. 30ml of fresh extraction solvent was added and the process of shaking on the magnetic stirrer repeated. 5 g of anhydrous Sodium Sulphate was used to remove water from the extract. The extract was concentrated to 3 ml with rotary evaporator maintained at 20°C.
1.5 ml of the concentrated extract was loaded on a silica gel column and eluted with 30ml HPLC hexane into a well labeled 100ml beaker to get the aliphatic hydrocarbon components in the sample.
Determination of TPH and THC from Sediment
Sediment samples were dried at ambient temperature in open containers covered lightly with clean paper and then stored in clean bottles.
The samples were ground with a porcelain mortar and then passed through a series of graduated strainers to remove stones and vegetable matter. 10 g of the sample was weighed into a 100 ml beaker and the above method for Tympanotomus Fuscatus extraction was repeated for sediment samples using acetone/dichloromethane mixture as extraction solvent as outlined by Schwab et al. [6] .
Determination of Heavy Metals
The perewinkle and sediment samples were digested after drying at a temperature of 105 0 C for 24 hrs according to AOAC [7] methods. The levels of Pb, Cd, Se, Cr, Cu, Ni, Fe and Zn was determined using buck scientific model 210VGP (Variable Giant Pulse) atomic absorption spectrophotometer with different hollow cathode lamp at different wavelength. While Hg and As were determined using graphite furnace Atomic Absorption Spectrometry (Perkin Elmer Model 1100B equipped with an HGA -700 graphite furnace, and deuterium background corrector) because of its higher sensitivity.
All reagent used were of analytical grade and deionized water was used in all preparation except otherwise stated. 10 ml of ratio 10: 1 mixture of Nitric (HNO 3 ) and Perchloric (HClO 4 ) acid was used to digest the samples before AAS analysis was carried out.
Determination of Proximate Composition
Proximate composition includes moisture, crude protein, ether extract, crude fibre, ash, and nitrogen free extract. Moisture was determined by oven dehydration method at 105°C up to the constant weight. Crude protein was determined by using Kjeldhal method, crude fat was determined by ether extraction method using Sohxlet apparatus. Crude fibre was determined by acid and alkali digestion method. Ash content was determined in muffle furnace at 500°C for six (6) hours. For all these determinations powdered sample were used in triplicate in accordance with AOAC [7] . Nitrogen free extract (NFE) was calculated by difference.
RESULTS AND DISCUSSION
Tympanotomus fuscatus (Periwinkle)
Proximate analysis results ( Tables 3 -4 respectively. The presence of some toxic metals in the flesh of the sample took these sequence across the sites (1 -5), during dry season Cu > Fe > Se > Pb > Zn > Cr > Ni > Hg > Cd > As while in wet season the metals took these pattern; Fe > Se > Cu > Pb > Ni > Cr > Zn > Hg > Cd > As. Most of the metals in Tympanotomus fuscatus shell in Site 3 and 4 during dry season were Cu (0.0023 -10.0100 mg/kg), Fe (1.0280 -10.0223 mg/kg) and Hg (0.002 -1.0033 mg/kg). Metal concentration in Tympanotomus fuscatus obtained from some of the sites (especially S3) were found to exceed WHO limits and therefore unsafe for consumption. The seasonal variation of the metals in the sample may be attributed to natural variations [8], anthropogenic activities, increased adsorption due to reduced level of water body as well as runoffs and direction of river flow. Mercury toxicity can occur after microbial degradation of Hg to dimethyl mercury. Human exposure to dimethyl mercury occurs through consumption of contaminated marine or aquatic foods. Gbaruko and Friday [9] reported that Hg affects the central nervous system and brain due to its ability to cross the blood brain barriers. Their investigation indicated that Hg pollution of a river may be as a result of gas flaring, oil exploitation/exploration and from waste discharged by oil companies [10] . According to WHO [11] , the marine environment can be contaminated through the introduction of mercury containing products into the river.
Sediment
Investigation of heavy metals in sediment (Table  5 ) revealed a high availability of most of the metals under study, in the order: Fe > Cu > Zn > Ni > Se within both seasons. Fe gave the highest mean concentration during wet season, with a value of 86.6860 mg/kg which is above WHO/FEPA (1.0 mg/kg) permissible standard and control (1.0497 mg/kg). The mean concentration of Fe within both seasons could be attributed to run-off during rainy season and anthropogenic activities, since sediment is a pollutant sink [12] . The soluble species of Fe reacts with sulphide in water to form yellow flocculants which could be toxic when picked up by sea food [13] .
Eddy et al. [14] in his study suggested that pollution of the environment by Fe cannot be conclusively linked to waste material alone but other natural sources of iron must be taken into consideration. Comparatively the concentration of iron in sediment in this study exceeded that of previous study by Moses et al. [15] , where 27.04 + 0.82 mg/kg was recorded at Ukpenekang (S1). The coefficient of variation (0.0115 -74.5975%) showed that level of instability of Fe was higher in wet season than dry season.
The high presence of Zn in sediment with 0.230 to 8.038 mg/kg and a coefficient of variation (C.V), 0.0249 -127.4719% within both seasons may be attributed to various anthropogenic activities such as washing of motor and vehicles in various site at the bank of the river. It reported that zinc is sourced from industries involved in smelting, electro-galvanizing, mining, metallurgy, production of pesticides, rubber plastics and various alloys [16] . Observed Zn concentrations in this study could still be attributed to activities of boat welders/ fabricators, decayed boat, waste containing fibres and papers, mixed effluent (dung's poultry droppings and fertilizer) including human and animal food where it is concentrated in excretions which get flushed into inland water bodies through flood run-off water. In terms of toxicity, an excess of Zn can be detrimental causing vomiting, abdominal pains, cramps, renal damage, hemorrhagic pancreation and fatality in humans [17] . From the foregoing, it has become very necessary to implement existing policies to check the unwarranted dumping of refuse and discharge of harmful substances into Qua-Iboe River (inland water bodies) to avert possible hazards.
The sediment also exhibited minimal concentration of Arsenic (As) within the mean concentration ranged of 0.0000 -0.0203mg/kg and a C.V of 0.0000% to 193.3333%. The mean concentrations of Ni in the sample where slightly less than WHO (0.05 mg/kg) but were within the FEPA (0.2 mg/kg) standard. Arsenic levels recorded in wet season were slightly higher than in dry season. This may be due to run-off, tidal incursions and flooding. This corroborates with the research undertaken by Vaikosen et al. [18] , who reported a higher value in wet season than the dry season. The finding in this study is consistent with the result of other studies [19, 20] . Environmental pollution by arsenic may also arise from agricultural practices (weed killer, fungicide, rodenticides and insecticides) and from industry. It has been confirmed that arsenic and arsenical compounds are found in waste waters of metallurgical industry, glassware, [21] . Arsenic has serious effect on health and environment; inorganic arsenic can produce acute and chronic effect in the respiratory organs, gastrointestinal tract, skin, cardiovascular system, nervous system and blood forming organs. Hence there is urgent need for remediation, routine monitoring and legislation on waste dumping into the river.
The concentration of Cu in sediment had a mean range of 0.0020 -10.0193 mg/kg and 0.0017 -10.0197 mg/kg within dry and wet season respectively. The highest value was recorded during the wet season and may have resulted from run-off/wash-off due to the oil company operations. Comparatively most of the obtained values were above WHO (1.50 mg/kg) and FEPA (0.1 mg/kg) permissible standard for biota. This high concentration could have possibly been due to sedimentation from direct disposal of effluent rich in Cu [22] . Copper forms stable complexes with organic matter such that only a small fraction of this metal exists as free-hydrated ions especially when the sediment is slightly acidic. This justifies the low levels of Cu found in the river water with high amount of sediment.
Transfer Factor
Transfer factor is the ratio between the accumulated concentration of a given pollutant in any organ and its dissolved concentration in water. It gives an indication about the accumulation efficiency for any particular pollutant in any fish organ. It can be calculated using the formular;
In general transfer factor explains the potentiality of heavy metals being absorbed by biota. According to Karazzaman et al. [23] , the presence of metal in high level in fish environment does not indicate a direct toxic risk to fish, if there is no significant accumulation of metal by fish tissue. Transfer factor (T.F) is a powerful tool for processing the bioaccumulation information for sediment and biota [24] . In agreement with this assertion, Olanescu [25] proposed an equation to relate the heavy metal transfer from sediment in biota thus;
Where TF is the Transfer factor M biota = Metal content in biota (flora or fauna) M sediment =Metal content in sediment (mg/kg)
The transfer factor (Table 6 ) has appropriately assessed the biota and sediment during dry and wet season; most of the metals have shown a transfer factor greater than 1 in samples, which calls for concern. These results show a high bioaccumulation of the metals in Tympnatomus fuscatus from sediment. These observations correlate with the investigations of Gene and Yilmaz [24] on the levels of heavy metal in water, sediment and fish from lagoon system. In this study, the transfer factor were generally higher in wet season than in dry season (with few exceptions) and the trend for heavy metals was as follows; Cr > As > Ni > Se > Pb > Cu > Hg > Cd. Also, the result in this study implies that sediment to biota transfer of heavy metals is a major pathway of human exposure to sediment contamination, as such the high transfer factor from sediment to biota indicate a strong accumulation of the particular metals by biota.
The Multiple Correlation Coefficient Matrixes
Tables A1 -A4 were calculated and defined based on the Hatva's Scale, in order to ascertain the relationship between the metals in sediment and biota. The coefficient measures the strength of a linear relationship between any two variables on a scale of -1 (perfect inverse relation) through 0 (no relation) to + 1 (perfect sympathetic relation) [26] . Tables A1 & A2 show the result of sediment and Tympanotomus fuscatus correlation coefficient during dry and wet season. During dry season, a very strong association (r = 0.998-0.999) was observed among the following metals, Cr/Cr, Cu/Ni, Se/Zn, Cr/Hg, Fe/Hg Ni/Cr, Hg/Cr and Hg/Ni. There was also strong association among, Pb/Cu, Pb/Se, Cd/Cu, As/Fe, Cr/Pb, Ni/Cu, Hg/Cu and Ni/As. Moderate (r = -0.7-0.31) negative relationship existed between Zn/As, Zn/Cr and Zn/Ni which implies that they do not have the same sources of enrichment. However, during wet season, Pb/Hg, Cr/Hg and Fe/Hg exhibited a very strong positive relationship. Hg correlated well with all the elements which further confirmed its common source of association as a result of introduction of mercury containing products such as batteries, thermometers, electrical appliances and pharmaceutical product into the river [11] . Mercury toxicity can occur after microbial degradation of Hg to dimethyl mercury. Human exposure to dimethyl mercury occurs through consumption of contaminated marine or aquatic foods. Hg affects the central nervous system and brains due to its ability to cross the blood brain barriers [9] . 
Correlation of Tympanotomus fuscatus flesh
Correlation of Tympanotomus fuscatus shell
Concentration (m/kg) of TPH AND THC in Sediment and Tympanotomus fuscatus During Dry and Wet Season
TPH and THC were investigated in Tympanotomus fuscatus and sediment in four sites namely S1 (Nditia), S2 (Ukpenekang), S3 (Mkpanak), S4 (Itak-Abasi) and S5 (control at Ikot-Ibok). General observations after the analysis were that THC in all the samples under study was higher than TPH. Moreso, S3 had the highest concentration of TPH and THC this could be linked to oil spillage from oil facility of operating oil company overtime as well as other anthropogenic activities that may introduce gasoline, alkanes water soluble aromatics (BTEX, substituted benzene) and water insoluble polyaromatic hydrocarbon [29] . The least concentrations were recorded in S1 (Nditia) and S2 (Ukpenekang). This was due to less human activities, and the direction of river flow was from less polluted area. Extractable petroleum hydrocarbons in this study contains C 9 to C 30 , constituting more of jet propellant (JP -5, JP -7 and JP -8) with some dearomatised petroleum stream and mineral oil which is a mixture of naptha, gasoline, and kerosene hydrocarbon [29] . TPH/THC control samples were lower than values obtained from all locations and above the regulatory limits of 0.6 mg/kg by DPR [30] . However, TPH/THC compounds have been reported [31] to be of 
Predictive Modelling of Heavy Metals, TPH and THC in Qua-Iboe River Basin Predictive modelli
The application of different models (Tables 8 & 9 According to the models in Table 8 , it is observed that the power model best predicts the relationship between Pb, Se, As, Cr, Fe, and Ni in the shell in comparison with the flesh while the linear model best predict the relationship between the relationship between Cu and Zn in the shell in comparison with the flesh. Exponential model best predicts the relationship between the Cd in the shell with the Cd in the flesh of Tympanotomus fuscatus. Table 9 shows that exponential model best predicts the THC of the shell and flesh of Tympanotomus fuscatus from TPH based on the coefficient of determination (R 2 ) value of 0.989 and 0.846 for shell and flesh respectively.
CONCLUSION
This research was carried out to assess the concentration of heavy metals, TPH and THC in sediment and Tympanotomus fuscatus obtained from Qua Iboe River and its environs. Also, heavy metals bioaccumulation was estimated using transfer factor. Generally, HM, THC and TPH concentrations in the river were higher in dry season than wet season. The results indicate that the amounts of HM, TPH and THC in some of the study sites were above the maximum permissible limit set by WHO and FMEnv; thus, pose health risk to humans. This study has created awareness, as well as provides baseline information on the distribution assessment of TPH, THC and heavy metals, highlighting the impact of petroleum, hydrocarbon and heavy metals pollutants on aquatic environment. 
